For several species, refuges (such as burrows, dens, roosts, nests) are an essential resource for protection from predators and extreme environmental conditions. Refuges also serve as focal sites of social interactions including mating, courtship and aggression. Knowledge of refuge use patterns can therefore provide information about social structure as well mating and foraging success of wildlife populations, especially for 1 . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a
INTRODUCTION
Incorporating behavior into conservation and management of species has garnered increased 1 interest over the past twenty years (Clemmons 1997 Quantifying patterns of refuge use is especially useful for relatively solitary species, as it 10 can provide important information about their social structure. Social structure of wildlife 11 populations is typically derived from observational studies on direct social interactions (e.g. Here we investigate patterns of burrow use in the desert tortoise, Gopherus agassizii.
25
The desert tortoise is a long-lived, terrestrial species in the Testudinidae family that oc- with burrows (Bulova, 1994) . Documenting asynchronous burrow use can therefore provide 33 insights towards sociality in desert tortoises.
34
Social behavior in desert tortoises is not well understood, though evidence suggests some 35 dominance hierarchies or structure may be present (Niblick et al. 1994; Bulova 1997 ) which 36 can influence burrow choice in tortoises. In addition to social structure, environmental 
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MATERIALS AND METHODS

Dataset
79
We combined datasets from nine study sites across desert tortoise habitat in the Mojave 80 desert (Fig.1) were significantly different from random expectation. The generated random networks had 116 the same degree distribution, average network degree, and number of nodes as empirical 117 networks, but were random with respect to other network properties.
118
We next examined the spatial dependence of asynchronous burrow associations by using 119 coordinates of burrows visited by tortoises to calculate centroid location of each tortoise 120 during a particular season of a year. Distances between each tortoise pair (i, j) were then The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/025494 doi: bioRxiv preprint first posted online Aug. 25, 2015; the model are also described in Table 1 . In this model, we also tested for three interactions 153 between predictors including (i) sampling period × seasonal rainfall, (ii) sampling period 154 × local tortoise density, and (iii) local tortoise density × local burrow density. We treated 155 burrow identification and year × site as random effects.
156
Population stressors:
157
Disease as a stressor: We considered field observations of tortoises exhibiting typical signs 158 of URTD including nasal discharge, swollen (or irritated/ sunken) eyes and occluded nares 159 to be indicative of an unhealthy animal. As diagnostic testing was not the focus of the 160 studies collecting the data, we were unable to confirm the infection status of individuals.
161
Knowledge of confirmed infection status of animals, however, was not central to our study as The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/025494 doi: bioRxiv preprint first posted online Aug. 25, 2015; dispersion in both the regression models. Under-dispersed models yield consistent estimates, 205 but as equi-dispersion assumption is not true, the maximum-likelihood variance matrix over-206 estimates the true variance matrix which leads to over-estimation of true standard errors 207 (Winkelmann 2003) . We therefore estimated 95% confidence intervals of fixed and random 208 effects using bootstrapping procedures implemented in 'bootMER' function in package lme4.
209
We tested for the significance of fixed factors in both the models using likelihood ratio 
215
RESULTS
Network analysis
216
We constructed bipartite networks of asynchronous burrow use in desert tortoises for active Table S3 ). Positive degree homophily (when nodes with similar degree tend 235 to be connected) suggests that tortoises using many unique burrows often use the same set The magnitude of correlation between geographical distances and social association in 
Based on the observed heterogeneity in bipartite networks, we next investigated the relative 
261
The best model contained an interaction of sampling period × seasonal rainfall (SI Table4).
262
The evidence ratio of this model was over 92 times higher than the second best model 263 containing an additional interaction of local tortoise density × local burrow density. slightly higher number of unique burrows than females (Fig. 5) . There was no effect of body 278
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The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/025494 doi: bioRxiv preprint first posted online Aug. 25, 2015; -December). Total unique animals visiting burrows tended to be lower in the months of 304 January-February and March-April, as compared to other months of the year (Fig. 5, S4c ).
305
Seasonal rainfall had a positive correlation with burrow popularity (χ 2 = 6.02, P= 0.01).
307
Effect of density conditions
308
An increase in the number of active burrows around individuals promoted burrow switching,
309
whereas an individual used fewer burrows when there were more tortoises in the vicinity 310 (Fig. 5 ). In the burrow popularity model, higher tortoise density around burrows increased 311 number of individuals visiting these burrows (Fig. 5 ). There was a significant interactive ef-312 fect of the two density conditions on burrow popularity (χ 2 = 177.37, P < 0.0001) -increase 313 in burrow popularity with higher tortoise density was lower when there were more burrows 314 in the vicinity of the focal burrow (SI Fig. S4d ). 
15
. This study uses social network analysis tools to study social structure of desert tortoise 337 population formed due to asynchronous burrow associations. We found social networks of 338 desert tortoises to be significantly different than null networks of random associations. Desert 339 tortoise asynchronous burrow associations were negatively density-dependent (as reflected in 340 SI Table S3 and SI Fig S3c) and were subject to spatial constraints. In general, the social 
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The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/025494 doi: bioRxiv preprint first posted online Aug. 25, 2015; to rehydrate (Nagy and Medica 1986; Peterson 1996) . Our results of high burrow switching 379 during summer (July-August) are consistent with these reports of increased activity. We 380 note that previous studies report sex differences in activity across seasons, with adult female 381 tortoises moving longer distances and having larger home ranges during nesting season, and 382 males being more active during mating season (Bulova 1994 ). However, our models suggests 383 seasonal differences in burrow use behavior between adult sexes to be minor compared to 384 other drivers of burrow use.
385
Among individuals, the differences in burrow use behavior between adults and non-386 reproductives were much larger than differences among adult males and females. These Earlier studies report only one-fourth of burrows in desert tortoise habitat to be popular, 
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Desert tortoises, however, spend most of the time in a year in burrows (Bulova 1994 We investigated the effect of three population stressors -drought, translocation and 
of fewer burrows than residents in the population. The use of fewer burrows coupled with 433 high dispersal rates can increase exposure of translocated animals to thermal stress and 434 dehydration, potentially increasing mortality. Therefore, to improve translocation success, a 435 fruitful area of investigation for future research will be to determine potential causes of this 436 change in burrow use behavior in translocated tortoises.
437
There was no major effect of drought or disease on burrow switching patterns of tortoises 
Environmental characteristics
Sampling period Categorical The period of observation as described before. We divided a year into six periods of two months 
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671
For continuous predictors, the vertical dashed line indicates no effect -positive coefficients 672 indicate increase in burrow popularity/switching with increase in predictor value; negative 673 coefficients indicate decrease in burrow popularity/switching with higher values of predictors.
674
For each categorical predictor, the base factor straddles the vertical line at 0 and appears 675 without a 95% CI. Positive and negative coefficients for categorical predictors denote increase 676 and decrease,respectively, in burrow popularity/switching relative to the base factor. 
